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1. 

SYSTEMAND METHOD OF REMOTE 
REPORTING OF RADATION DOSE USAGE 

IN IMAGE ACQUISITION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. patent applica 
tion Ser. No. 12/408,394, entitled “System and Method of 
Remote Reporting of Radiation Dose Usage in Image Acqui 
sition filed Mar. 20, 2009, which is herein incorporated by 
reference in its entirety for all purposes. 

BACKGROUND 

The Subject matter of this application generally relates to 
ionizing radiation (e.g., X-rays), and more specifically to a 
system and method to manage direction of ionizing radiation 
dose toward an exposed subject. 

Employment of the use of ionizing radiation (e.g., X-ray) is 
well known in the therapy or image acquisition of an exposed 
Subject. Fields of application of ionizing radiation is common 
in the medical field (e.g., fluoroscopic, computed tomography 
(CT). X-ray, ablation of tissue, etc.) and security Screening 
(e.g., airport baggage inspection). For example, radiological 
image acquisition generally includes directing a stream of 
ionizing radiation at the exposed Subject, and measuring the 
attenuation of the ionizing radiation passing therethrough. 
One concern with use of ionizing radiation include an 

increased likelihood of harm or injury associated with radia 
tion-induced injury to the tissue of the exposed subject. These 
deterministic risks can include skin reddening, rashes, bums, 
or hair loss. In fact, use of ionizing radiation is well-known in 
chemo-therapy or the ablation of diseased tissue. A variable 
that affects a likelihood of causing radiation-induced injury to 
tissue of an exposed subject includes a dose of radiation 
absorbed by the exposed subject. Variables that affect a dose 
of radiation absorbed by the exposed subject include a rate of 
delivery of radiation to the exposed subject, a time of expo 
Sure of radiation to the exposed Subject, a fraction of radiation 
absorbed by the exposed subject, age or other characteristics 
of the exposed Subject, and a location of exposure of radiation 
to the exposed Subject. Another concern with use of ionizing 
radiation includes an increased likelihood of causing Stochas 
tic effects (e.g., radiation-induced cancers) to the exposed 
Subject. 

BRIEF DESCRIPTION OF CLAIMED SUBJECT 
MATTER 

In view of the above concerns associated with use of ion 
izing radiation, there is a need for improved access to data or 
increased knowledge to manage direction of radiation dose 
toward the exposed Subject (e.g., patient) for different appli 
cations (e.g., fluoroscopic imaging, X-ray imaging, CT imag 
ing of various exposed areas (e.g., chest, arms, legs, etc.) of an 
exposed subject). This improved access to data can benefit the 
establishment of standard operating procedures and protocols 
in the use of ionizing radiation to perform various tasks, as 
well as benefit the measurement and evaluation of an impact 
of each procedure's protocol in the likelihood for determin 
istic or stochastic effects associated with exposure to ionizing 
radiation relative to the characteristics of exposed subjects. 
The above-described needs and benefits are addressed by the 
embodiments of the subject matter described herein. 
One embodiment of the subject matter includes a method 
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10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
exposed subject, comprising the steps of receiving a request 
from a customer to establish an internet connection to com 
municate between a remote office and the system directing 
the ionizing radiation toward the exposed subject; automati 
cally communicating a status information and individual dose 
data associated with an event where direction of ionizing 
radiation that exceeds a threshold; automatically creating and 
communicating a report via the internet connection to the 
customer, the report including an indication of the event 
where direction of ionizing radiation exceeds the threshold 
and a comparison of the individual radiation dose data and an 
individual status operation of system at time of the event 
relative to a benchmark defined by radiation dose data and 
status information acquired from a population of other sys 
tems that direct ionizing radiation and communicate data to 
the remote office. 

Another embodiment of the subject matter includes A com 
puter readable medium including a plurality of program 
instructions for execution by a processor to perform the steps 
of receiving a request from a customerto establish an internet 
connection to communicate between a remote office and the 
system directing the ionizing radiation toward the exposed 
Subject; automatically communicating a status information 
and individual dose data associated with an event where 
direction of ionizing radiation that exceeds a threshold; auto 
matically creating and communicating a report via the inter 
net connection to the customer, the report including an indi 
cation of the event where direction of ionizing radiation 
exceeds the threshold and a comparison of the individual 
radiation dose data and an individual status operation of sys 
tem at time of the event relative to a benchmark defined by 
radiation dose data and status information acquired from a 
population of other systems that directionizing radiation and 
communicate data to the remote office. 

Systems and methods of varying scope are described 
herein. In addition to the aspects and advantages described in 
this Summary, further aspects and advantages will become 
apparent by reference to the drawings and with reference to 
the detailed description that follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a schematic diagram of an embodiment of a 
system to manage direction or delivery of ionizing radiation 
dose toward an exposed Subject. 

FIG.2 shows a schematic diagram of a method of operating 
the system to manage direction or delivery of ionizing radia 
tion toward an exposed Subject. 

FIG.3 shows an embodiment of an illustration of a number 
of examinations or image acquisitions or scans performed by 
the imaging system 130 and a tracked duration thereof over a 
period of time, generated by the system of FIG. 1. 

FIG. 4 shows an embodimentofan illustration of a duration 
per protocol employing direction of ionizing radiation to the 
exposed subject and comparison of performance of different 
protocols relative to one another, generated by the system of 
FIG 1. 
FIG.5 shows an embodiment of an illustration of measured 

radiation dose directed to the exposed Subject and cumulative 
percentile (%) for comparison relative to type of protocol and 
image acquisition mode, generated by the system of FIG. 1. 

FIG. 6 shows an embodiment of an illustration of a distri 
bution of a number of events that exceed a certain grouping or 
threshold range of radiation dose directed to the exposed 
subject, generated by the system of FIG. 1. 

FIG. 7 shows an embodiment of an illustration of a distri 
bution of radiation dose directed to the exposed subject rela 
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tive to variance in the source to image distance (SID) of the 
ionizing radiation system, generated by the system of FIG. 1. 

FIG. 8 shows an embodiment of an illustration of a distri 
bution of SID for an individual imaging system relative to a 
benchmark defined by data acquired from one or more similar 
types of imaging systems, similar protocols of image acqui 
sition, or similar modes of image acquisition or combination 
thereof, generated by the system of FIG. 1. 

FIG. 9 shows an embodiment of an illustration of an inci 
dent map that correlates dose level and location of the direc 
tion of an above-threshold radiation directed to an exposed 
Subject relative to the geometry of the gantry in Support of the 
ionizing radiation source, generated by the system of FIG. 1. 

DETAILED DESCRIPTION 

In the following detailed description, reference is made to 
the accompanying drawings that form a part hereof, and in 
which is shown by way of illustration specific embodiments, 
which may be practiced. These embodiments are described in 
sufficient detail to enable those skilled in the art to practice the 
embodiments, and it is to be understood that other embodi 
ments may be utilized and that logical, mechanical, electrical 
and other changes may be made without departing from the 
scope of the embodiments. The following detailed descrip 
tion is, therefore, not to be taken in a limiting sense. 

FIG. 1 illustrates one embodiment of a management sys 
tem 100 to remotely monitor and report usage of radiation 
dose in acquisition of medical images or other protocol 
involving direction of ionizing radiation dose toward an 
exposed subject 105. The system 100 can generally include a 
controller 110 located at a remote workstation or office 112 
having a server 115 in communication via an internet or 
broadband or wireless connection 118 with an ionizing radia 
tion generating or emitting system or device 120. Remote 
office 112 as used herein generally refers to a location off-site 
of the facility or entity or address of the location of the 
customer. Yet, an embodiment of the system 100 can include 
one or more portions located at the customer and is not lim 
iting on the Subject matter. 
One example of the ionizing radiation system 120 includes 

a radiation source 125 (e.g., X-ray tube assembly to generate 
X-rays) supported on a gantry 128 of a radiological imaging 
system 130. Examples of the radiological imaging system 
130 generally include an X-ray machine, computed tomogra 
phy (CT), a fluoroscopic imaging system, etc. having the 
radiation Source 125 projecting a beam of ionizing radiation 
(e.g., x-rays) 135 through the exposed subject 105 to be 
received at a detector 140 in a conventional manner. The 
ionizing radiation can be attenuated with passing through 
exposed subject 105, until impinging upon the detector 140. 
The detector 140 can translate the attenuation of ionizing 
radiation to generate the image or image frames illustrative of 
a region of interest of the exposed subject 105. An example of 
the radiological imaging system 130 can also include a soft 
ware product or package operable to combine a series of 
acquired images to create the reconstructed three-dimen 
sional image. An example of the software product is 
INNOVA.R. 3D as manufactured by GENERAL ELEC 
TRIC(R). The software product can also operable to measure a 
Volume, a diameter, and a general morphology of a vessel 
(e.g., vein, artery, etc.) or other anatomical structures. 
An embodiment of the system 100 can generally include 

the controller 110 in communication via the internet connec 
tion 118 to acquire data from the radiation source 125 or 
radiological imaging system 130. One embodiment of the 
system 100 includes a software product such as INSITE(R) as 
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4 
manufactured by GENERAL ELECTRIC COMPANYR) or 
INNERVISIONR PLUS as manufactured by TOSHIBAR to 
establish the connection 118 between the ionizing radiation 
system 130 and the controller 100 at the remote office 112. 

Although the controller 110 can be described at the remote 
office 112, it should be understood that the controller 110 can 
otherwise belocated integrated with or adjacent to the system 
130 directing of ionizing radiation dose toward an exposed 
subject 105. 
An embodiment of the controller 110 can be generally 

configured to process and analyze the acquired data (e.g. 
status information). An embodiment of the controller 110 
generally includes a processor 150 in communication with a 
memory 155. The memory 155 can generally include a com 
puter readable storage medium operable to receive and store 
computer readable program instructions for execution by the 
processor 150. The memory 155 is also generally operable to 
store acquired data communicated by the radiation Source 
125 or imaging system 130 or from other sources 170 (e.g., 
MRI systems, PET imaging system, picture archival system 
(PACS), etc.). The type of memory 155 can include disk 
storage, tape drive, random access memory (RAM), read 
only memory (ROM), flash memory, compact disk (CD), 
digital versatile disks (DVDs), magnetic cassettes, magnetic 
tape, magnetic disk storage, or any other medium operable to 
be used to store computer readable instructions. 
The controller 110 is also in communication with an input 

device 175 and an output device 180. An embodiment of the 
input 175 can include a keyboard, user interface with touch 
screen capability, mouse device, etc. operable to receive 
instructions or data from a user of the system 100. An embodi 
ment of the output device 180 can include a monitor, audible 
or visual alarms, etc. operable to illustrate output from the 
system 100 to the user. 

Having described the general construction of the system 
100, the following is a description of a method 200 of oper 
ating the system 100 in management of delivery or direction 
of ionizing radiation to the exposed subject 105. It should be 
understood that the foregoing sequence of acts or steps com 
prising the method 200 can vary, that the method 200 may not 
include each every act or step in the following description, 
and the method 200 can include additional acts or steps not 
disclosed in the following description. One or more of the 
following acts or steps comprising the method 200 can be 
represented as computer-readable programmable instruc 
tions for storage in the memory or on a portable computer 
readable medium 155 and for execution by the processor 150 
of the controller 110. 
Assume for sake of example that an exposed subject 105 is 

a patient and the ionizing radiation system 130 includes a 
computed tomography (CT) imaging system operable to per 
form image acquisition. 

Step 205 includes receiving a request 208 to establish a 
broadband connection 118 (e.g., internet) between the radio 
logical imaging system 130 and the remoter workstation 112 
(e.g., remote office). The format of the request 208 can be an 
electronic message (e.g., email) over the internet, electronic 
communication over the internet or broadband connection 
118, electronic communication via a webpage, etc. An 
embodiment of step 205 can include establishing a connec 
tion 118 via INSITE(R) product as manufactured by GEN 
ERAL ELECTRIC COMPANYR). Step 210 includes acquir 
ing an upper threshold of radiation dose to direct from the 
radiological imaging system to the patient. One embodiment 
of acquiring the upper threshold can be from a user of the 
radiological imaging system 130 and can be communicated 
via the broadband connection 118. Yet, the mode of commu 
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nicating (e.g., telephone, electronic mail, etc.) the upper 
threshold can vary. Step 215 includes directing or delivering 
the beam or stream of ionizing radiation 135 through the 
exposed subject 105. 

Step 215 includes data associated with performing image 
acquisition on the patient 105. An embodiment of step 215 
includes acquiring a protocol or task 216 (See FIG. 5) of 
image acquisition to perform on the patient 105, a location 
218 (e.g., anatomical region) of image acquisition on the 
patient 105, etc. 

Step 220 includes acquiring a dose or dose rate of radiation 
(e.g., absorbed dose in Gray (Gy), cumulative air kerma with 
regards to fixed reference position with regards to the inter 
ventional reference point at a fixed distance from the iso 
center of the imaging system 130, equivalent dose in sievert 
(Sv), effective dose relative to a tissue weighting factor, Com 
puted Tomography Dose Index (CTDI), weighted CTDI, vol 
ume CTDI, multiple scan average dose (MSAD), dose length 
product (DLP), etc.) directed by the individual imaging sys 
tem 130 in acquisition of images of the patient 105, a patient 
position relative to the imaging system 130 or radiation 
source 125, a distance between the radiation source 125 (e.g., 
X-ray tube assembly focal spot where the electron beam hits 
the anode target) to the scintillator of the flat panel detector) 
(also referred to as source to image distance (SID)) 222, a 
comparison of the directed dose relative to the acquired upper 
dose threshold, a measure of radiation dose directed per SID, 
a cumulative dose directed to the patient for each SID or SID 
grouping, details of the status information (e.g., acquisition 
mode, positioning of radiation Source 125 and/or scanner/ 
detector 140 in relation in time to direct radiation dose or 
cumulative dose, framerate, auto exposure preference, detail 
level of image data, total number of runs or scans, total scan 
time or duration of image acquisition, details associated with 
calibration (e.g., calibration date, etc.) of the imaging system 
130, and total radiation dose directed to the patient 105). 

Step 220 can also include acquiring data (e.g., calibration 
status, dates, etc.) associated with calibration of the indi 
vidual imaging system 130. Step 220 can also include acquir 
ing status information associated with operation of the imag 
ing system 130, including error messages, alerts, and other 
parameters, relative to manufacturer specifications. 

Step 225 includes communicating a portion or all of the 
acquired data described under step 220 to the remote office or 
station 112. One embodiment of step 225 includes commu 
nicating the portion or all of the acquired data via the broad 
band connection 118. Yet, the acquired data can be commu 
nication over other modes of communication (e.g., wireless, 
telephone, broadband, attached files sent via electronic mail, 
etc. or combination). Step 225 can be performed in general 
real-time basis, on a batch basis, or periodically as predeter 
mined by either the user of the imaging system 130 or the 
remote office 112. 
One embodiment of step 225 can include communication 

of a portion or all of the acquired data described in step 220 
with respect to an individual imaging system 130 in response 
to detecting an exceedance of the dose threshold (e.g., cumu 
lative dose threshold, etc.). 

Step 230 includes analyzing the acquired data from the 
individual imaging system 130. One embodiment of step 230 
includes compared one or more types or parameters repre 
sented by the acquired data relative to a threshold. One 
embodiment of the threshold can be determined relative to a 
predetermined value (e.g., regulation) for radiation dose 
directed to the exposed subject 105. Another embodiment of 
step 230 can include grouping or categorizing the acquired 
data or characteristics of the individual imaging system 130 
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6 
for comparison to acquired data from one or more other 
similar imaging systems 170 or similar procedures/tasks/pro 
tocol of image acquisition or combination thereof. 

Step 235 includes generating a report 240 illustrative of the 
above-described analyses performed on the acquired data for 
illustration to the user at a display 245 of a user workstation or 
of the individual imaging system 130. One embodiment of the 
above-described report 240 can include graphic representa 
tions of the acquired data in step 220 in comparison relative to 
itself or relative to one or more atypical imaging systems in 
the population of imaging systems 170 that the remote office 
or station 112 acquires data from. 

Referring to FIG. 3, an example of the report 240 can 
include an illustration 305 (e.g., bar graph) of a number of 
examinations or image acquisitions or scans performed by the 
imaging system 130 and a tracked duration thereof over a 
period of time (e.g., per user input or standard periodic report 
ing period (e.g., monthly)). 

Referring to FIG. 4, an example of the report 240 can 
include an illustration 405 (e.g., graphic pie chart) indicative 
of the duration of the protocol employing direction of ioniz 
ing radiation and/or total dose directed to the exposed subject 
per the distribution of protocols (e.g., imaging of aorta, aorta 
arch, coronaries, femoral, other) exposed to the ionizing 
radiation). The illustrated FIG. 4 can illustrate a frequency of 
performance of different protocols relative to one another and 
an associated distribution of radiation dose to the exposed 
subject 105. 

Referring to FIG. 5, an example of the report 240 can 
include an illustration 505 of measured radiation dose (e.g., 
cumulative dose, duration of exposure to radiation, DAP 
(product of dose multiplied by area of radiation beam) 
reported in Gy/cm"2) directed to the exposed subject and 
cumulative percentile (%) for comparison relative to type of 
protocol (aorta, coronaries, imaging of aorta-arch, femoral, 
foot, lower leg, carotids, etc.), as well as relative to image 
acquisition mode (e.g., cardiac, fluoroscopy, digital Subtrac 
tion angiography (DSA), etc.). 

Referring to FIG. 6, an example of the report 240 can 
include an illustration 605 (e.g., bar graph) of a distribution of 
a number of events (e.g., exams, radiation therapy treatments, 
etc.) that exceed a certain grouping or threshold range of 
radiation dose (e.g., grouped in 1 Gy dose range increments) 
directed to the exposed subject 105. An embodiment of the 
illustration can include a measure of number of image acqui 
sitions (e.g., Scans, exams) where the measured radiation 
dose exceeded the radiation dose threshold, as defined to the 
right relative to a graphic representation 610 of the threshold 
(e.g., dotted line). 

Referring to FIG. 7, an example of the report 240 can 
include an illustration 705 (e.g., bar graph) of a distribution of 
radiation dose directed to the exposed subject 105 relative to 
variance in the source to image distance (SID) for the indi 
vidual system 130. This illustration relative to the individual 
system 130 can include a comparison relative to analogous 
distribution of radiation dose versus variance in SID for a 
population of other image acquisition systems 170 of similar 
type, or employed in similar protocol of mode of image 
acquisition. The variance in SID (e.g., in centimeters) can be 
illustrated in groupings along the horizontal axis, and the 
Vertical bar graphic illustration can represent the percentage 
of total monthly cumulative radiation dose directed (e.g., 
ESAK, 96). From this illustration, the user of the imaging 
system 130 can understand a potential reduction in radiation 
dose with change in the SID. 

Referring to FIG. 8, an example of the report 240 can 
include an illustration 805 (e.g., bar graph) of a distribution of 
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SID for the individual imaging system 130 relative to a bench 
mark defined by data acquired from one or more similar types 
of imaging systems 170, similar protocols of image acquisi 
tion, or similar modes of image acquisition or combination 
thereof. The illustrated example shows the SID in groupings 5 
(e.g., range of centimeters) along the horizontal axis relative 
to a vertical bar graphic illustration of cumulative radiation 
dose for each SID grouping, and further split out or illustrated 
relative to mode of image acquisition (e.g., fluoroscopy, car 
diac, etc.). 

Referring to FIG. 9, an example of the report 240 can 
include an illustration 905 of an image acquisition scan or 
examination ortherapy status information where a measure of 
the radiation dose (e.g., cumulative radiation dose) directed to 
an exposed subject exceeds the radiation dose threshold. The 
example illustration in FIG. 9 can include detailed status 
information associated with the examination, acquisition 
Scan, or therapy session where the radiation dose threshold 
was exceeded, including the following: date/time stamp of 
examination, protocol (e.g., coronaries, etc.), type of acqui 
sition mode (e.g., fluoroscopy), auto exposure preference, 
frame rate, image acquisition detail level, number of runs or 
scans in examination, total duration of examination, and 
cumulative radiation dose (e.g., ESAK, Gy) and DAP (mGy/ 
cm"2) directed to the exposed subject 105. 

The example illustration 905 in FIG.9 can further include 
a calculation of equivalent patient thickness (EPT) (i.e., a 
thickness of acrylic plastic or the like (PMMA) that produces 
the same average radiation attenuation as the patient of inter 
est under the given situation that can represent an indication 
of the difficulty in penetrating the patient with a sufficient 
number of ionizing radiation to form a useful image) that can 
be employed by the user to manage imaging dose efficiency 
optimization, and to automatically set parameters of the 
imaging system when transitioning between imaging modes 
without acquiring test exposures. The example illustration 
905 in FIG.9 can further includes an illustration of the mea 
sure of cumulative radiation dose directed to the exposed 
subject 105 over time, and the point in time of the examina 
tion when the radiation dose exceeded the threshold for the 
examination of interest. The example illustration 905 in FIG. 
9 can also include a graphic representation (e.g., bar graph) of 
the SID or grouping thereof relative to the measure of radia 
tion dose directed to the exposed subject 105 during the 
examination of interest where the threshold was exceeded. 45 
The example illustration 905 can also show how changes in 
the SID can affect the radiation dose directed to the exposed 
subject 105. 
The example illustration 905 in FIG.9 can further include 

an embodiment of a cumulative dose incident map 910 asso- 50 
ciated with the examination of interest where the radiation 
dose exceeded the threshold. The embodiment of the cumu 
lative dose incident map 910 can include an illustration of the 
measure of cumulative radiation dose (ESAK) directed to the 
exposed subject during the examination relative to the tracked 55 
position or angulation of the radiation Source 125 and/or 
detector 140 of the imaging system 130. The tracked position 
(e.g. angulation) of the radiation Source 125 and/or detector 
140 can be correlated to the tracked position (e.g., angulation) 
of the gantry 128 in support of the radiation source 125 or 60 
detector 140. The cumulative dose incident map 910 can 
include a horizontal axis 912 to represent varied positions of 
the gantry 128 with respect to left/right anterior oblique 
(LAO/RAO) position of the exposed subject 105, and a ver 
tical axis 913 that can represent cranial/caudal positions of 65 
the gantry 128. The cumulative dose incident map 910 can 
also include a graphic representation 914 of the distribution of 
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8 
the radiation dose (e.g., ESAK) to the exposed subject 105 
relative to the position (e.g., angulation) of the gantry 128 
(e.g., thirty degree increments) or the axes 912,913. Thereby, 
the cumulative dose incident map 910 can illustrate the mea 
Sure of the radiation dose as well as how radiation dose was 
directed to the exposed subject 105. 

Step 235 can further include identifying a proposed 
response or action 915 (See FIG. 9) to reduce the radiation 
dose to the exposed subject 105, dependent in response to 
detecting the radiation dose exceeding the threshold accord 
ing to the status information of the imaging system 130 in 
directing the ionizing radiation to the exposed subject 105. 
The proposed response or action 915 can be generated depen 
dent on acquired data of responses or actions and tracked 
reduction in radiation dose to the exposed subject 105 as 
tracked or measured by one or more other users or other 
imaging systems 170, different from the imaging system 130 
of interest. Although the proposed response or actions 915 is 
illustrated in FIG.9, the proposed response or action 915 can 
be part of any of the other illustrated FIGS. 3-8 or independent 
thereof. 
The subject matter herein describes the system 100 and 

method 200 to manage direction of the ionizing radiation 130 
toward the exposed subject 105. The method 200 includes the 
steps of receiving a request 208 from a customer to establish 
an internet or broadband connection 118 to communicate 
between the remote office 112 and the system 130 directing 
the ionizing radiation toward the exposed subject 105; auto 
matically communicating a status information and individual 
dose data associated with an event where direction of ionizing 
radiation 135 that exceeds a threshold; automatically creating 
and communicating the report 240 to the user display 245 of 
the customer, the report 240 including an indication of the 
event where direction of ionizing radiation 135 exceeds the 
threshold and a comparison of the individual radiation dose 
data and an individual status operation of the ionizing radia 
tion system 120 at time of the event relative to a benchmark 
defined by radiation dose data and status information 
acquired from a population of other systems 170 that direct 
ionizing radiation and communicate data to the remote office 
112. The system 120 that directs the ionizing radiation can be 
a radiological imaging system 130, and the comparison can 
include a number of acquired images of the individual radio 
logical imaging system 130 relative to a number of acquired 
images of at least one of the population of other radiological 
imaging systems 170. 
The method 200 can include calculating the individual 

radiation dose data for at least one acquired image exceeds the 
threshold triggers the step of automatically communicating 
the acquired status information and individual dose data from 
the remote office 112 to the user display 245 of the customer. 
The method 200 can further include comparing data from the 
individual ionizing radiation system 120 can be relative to 
data of the one or more of the population of ionizing radiation 
systems 170 associated each of the following: a duration of a 
protocol employing the direction of ionizing radiation per a 
distribution of types of protocols, a frequency of performance 
of different protocols relative to one another and an associated 
distribution of radiation dose to the exposed subject 105, the 
radiation dose, duration of exposure to the ionizing radiation 
135, product of the radiation dose multiplied by an area of the 
beam of ionizing radiation 135 directed to the exposed subject 
105, and distribution of radiation dose relative to a type of 
image acquisition mode. 
The method 200 can further include comparison of data 

from the individual ionizing radiation system 120 relative to 
data of the one or more of the population of ionizing radiation 
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systems 170 associated each of the following: a distribution 
of a number of events with the individual system 120 where 
the radiation dose directed to the exposed subject exceeds the 
threshold radiation dose, a distribution of radiation dose 
directed to the exposed subject 105 relative to a variance in 
the source to image distance (SID), a distribution of SID for 
the individual system 120 relative to a benchmark defined by 
data acquired from one or more similar types of other systems 
170 performing similar protocols or modes of ionizing radia 
tion operation, an auto exposure preference, a frame rate of 
image acquisition, a calculated value of an equivalent 
exposed Subject thickness that produces the same average 
radiation attenuation, and a point in time of the examination 
when the radiation dose exceeded the radiation dose thresh 
old. 
The method 200 can further comprise the steps of calcu 

latinga individual trend in a history of the individual radiation 
dose acquired from the individual radiological imaging sys 
tem 130; and comparing the individual trend relative to a 
population trend calculated from a history of the population 
radiation dose data acquired from the population of other 
radiological imaging systems 170 for a selected time frame as 
received from the customer. 

Embodiments of the report 240 can include an illustration 
of a cumulative dose incident map 910 associated with the 
examination of interest where the radiation dose exceeded the 
threshold. The embodiment of the cumulative dose incident 
map 910 can include the measure of cumulative radiation 
dose (ESAK) directed o the exposed subject 105 during the 
examination relative to the tracked position orangulation of 
the radiation source 125 and/or detector 140 of the imaging 
system 130, the tracked position orangulation of the radiation 
source 125 and/or detector 140 can be correlated to the 
tracked position orangulation of the gantry 128 in Support of 
the radiation source 125 or detector 140. Embodiments of the 
report 230 can includes a cumulative dose incident map 910 
that comprises a graphic illustration of a horizontal axis 912 
to represent varied positions of a gantry in Support of a source 
of the ionizing radiation with respect to a left/right anterior 
oblique (LAO/RAO) position of the exposed subject, a 
graphic illustration of a vertical axis 913 that represents a 
cranial or caudal position of the gantry 128, and a graphic 
representation 914 of a distribution of radiation dose relative 
to the horizontal and vertical axes 912 and 913. 

The subject matter herein also describes the system 100 
can include a computer readable medium 155 including a 
plurality of program instructions for execution by a processor 
150 to perform the steps of receiving the request 208 from the 
customer to establish the internet or broadband connection 
118 to communicate between the remote office 112 and the 
system 120 directing the ionizing radiation toward the 
exposed subject 105; automatically communicating a status 
information and individual dose data associated with an event 
where direction of ionizing radiation 135 that exceeds a 
threshold; automatically creating and communicating a 
report via the internet connection to the customer, the report 
including an indication of the event where direction of ioniz 
ing radiation exceeds the threshold and a comparison of the 
individual radiation dose data and an individual status opera 
tion of system at time of the event relative to a benchmark 
defined by radiation dose data and status information 
acquired from a population of other systems that direction 
izing radiation and communicate data to the remote office. 
The program instructions of the computer readable medium 
can instruct the processor 150 upon calculating the individual 
radiation dose data for at least one acquired image that 
exceeds the threshold, then to trigger the step of automatically 
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10 
communicating the acquired status information and indi 
vidual dose data from the remote office 112 to the user display 
245 of the customer. 
The program instructions of the computer readable 

medium can further instruct the processor 150 to perform 
comparison of data from the individual ionizing radiation 
system 120 relative to data of the one or more of the popula 
tion of ionizing radiation systems 170 further associated each 
of the following: a duration of a protocol employing the 
direction of ionizing radiation 135 per a distribution of types 
of protocols 216, a frequency of performance of different 
protocols 216 relative to one another and an associated dis 
tribution of radiation dose directed to the exposed subject 
105, the radiation dose, duration of exposure to the ionizing 
radiation 135, a product of the radiation dose multiplied by an 
area of the beam of ionizing radiation 135 directed to the 
exposed subject 105, and a distribution of radiation dose 
relative to a type of image acquisition mode 216. 

Another embodiment of the program instructions of the 
computer readable medium can further instruct the processor 
150 to perform comparison of data from the individual ion 
izing radiation system 120 relative to data of the one or more 
of the population of ionizing radiation systems 170 further 
associated each of the following: a distribution of a number of 
events with the individual system 130 where the radiation 
dose directed to the exposed subject 105 exceeds the thresh 
old radiation dose, a distribution of radiation dose directed to 
the exposed subject 105 relative to a variance in the source to 
image distance (SID) 222, a distribution of SID for the indi 
vidual system 120 relative to a benchmark defined by data 
acquired from one or more similar types of other systems 170 
performing similar protocols 216 or modes of ionizing radia 
tion operation, an auto exposure preference, a frame rate of 
image acquisition, a calculated value of an equivalent 
exposed Subject thickness that produces the same average 
radiation attenuation, and a point in time of the examination 
when the radiation dose exceeded the radiation dose thresh 
old. 

Embodiments of the computer readable medium can fur 
ther comprise program instructions to instruct the processor 
150 to perform the steps of calculating a individual trend in a 
history of the individual radiation dose acquired from the 
individual radiological imaging system 170; and comparing 
the individual trend relative to a population trend calculated 
from a history of the population radiation dose data acquired 
from the population of other radiological imaging systems 
170 for a selected time frame (e.g., received from the cus 
tomer). 
The computer readable medium can also include program 

instructions to instruct the processor 150 to generate the 
report 240 to include the cumulative dose map 910 associated 
with the examination of interest where the radiation dose 
exceeded the threshold. The embodiment of the cumulative 
dose incident map 910 can include an illustration of the mea 
sure of cumulative radiation dose (ESAK) directed to the 
exposed Subject during the examination relative to the tracked 
position or angulation of the radiation source 125 and/or 
detector 140 of the imaging system 130, the tracked position 
orangulation of the radiation source 125 and/or detector 140 
can be correlated to the tracked position orangulation of the 
gantry 128 in support of the radiation source 125 or detector 
140. 
Embodiment of the program instructions can also instruct 

the processor 150 to generate the report 240 to further include 
the cumulative dose incident map 910 that comprises a 
graphic illustration 912 of a horizontal axis to represent var 
ied positions of the gantry 128 in support of the source 125 of 
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the ionizing radiation with respect to a left/right anterior 
oblique (LAO/RAO) position of the exposed subject 105, a 
graphic illustration 913 of a vertical axis that represents a 
cranial or caudal position of the gantry 128, and a graphic 
representation 914 of a distribution of radiation dose directed 
to the exposed subject 105 relative to the horizontal and 
vertical axes 912,913 of the map 910. 
A technical effect of the subject matter described above 

includes providing the system 100 and method 200 to address 
concerns associated with use of ionizing radiation, and the 
need for access to data or increased knowledge to manage 
directing radiation dose to the exposed subject (e.g., patient) 
for different applications (e.g., fluoroscopic imaging, X-ray 
imaging. CT imaging of various exposed areas (e.g., chest, 
arms, legs, etc.) of an exposed subject). This improved access 
to data can benefit the establishment of standard operating 
procedures and protocols in the use of ionizing radiation to 
perform various tasks, as well as benefit the measurement and 
evaluation of an impact of each procedure's protocol in the 
likelihood for burn or other late effects associated with expo 
sure to ionizing radiation relative to the characteristics of 
exposed subjects 105. 

This written description uses examples to disclose the 
invention, including the best mode, and also to enable any 
person skilled in the art to make and use the invention. The 
patentable scope of the invention is defined by the claims, and 
may include other examples that occur to those skilled in the 
art. Such other examples are intended to be within the scope 
of the claims if they have structural elements that do not differ 
from the literal language of the claims, or if they include 
equivalent structural elements with insubstantial differences 
from the literal languages of the claims. 
The invention claimed is: 
1. A non-transitory computer readable medium including a 

plurality of program instructions for execution by a processor 
to perform the steps of: 

receiving a request from a customer to establish commu 
nication between a workstation and a system directing 
ionizing radiation toward an exposed subject of an 
examination; 

automatically communicating a status information and 
individual dose data associated with an event where 
direction of the ionizing radiation exceeds a total radia 
tion dose threshold, wherein the individual dose data 
comprises a measure of total radiation dose; and 

automatically creating and communicating a report to the 
customer, the report including an indication of the event 
where direction of the ionizing radiation exceeds the 
total radiation dose threshold, wherein the report also 
includes a graphical representation comprising: 
a cumulative dose incident map depicting a measure of 

cumulative radiation dose directed to the exposed 
Subject and having at least two axes that correspond to 
a geometry of the system directing the ionizing radia 
tion toward the subject, wherein the at least two axes 
of the cumulative dose incident map comprise a 
graphic illustration of a horizontal axis to represent 
Varied positions of a gantry in support of a source of 
the ionizing radiation with respect to a left/right ante 
rior oblique (LAO/RAO) position of the exposed sub 
ject and a graphic illustration of a vertical axis that 
represents a cranial and caudal position of the gantry; 
and 

a graphic representation of a first distribution of radia 
tion dose to the exposed subject relative to the at least 
two axes, wherein the graphic representation com 
prises a second distribution of a number of events with 
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12 
the system directing the ionizing radiation where the 
ionizing radiation directed to the exposed subject 
exceeds the total radiation dose threshold, and 
wherein the graphic representation comprises a third 
distribution of radiation dose to the exposed subject 
relative to a variance in source to image distance 
(SID) of the system directing the ionizing radiation. 

2. The non-transitory computer readable medium of claim 
1, wherein the report comprises a comparison of the indi 
Vidual radiation dose data and an individual status operation 
of the system directing the ionizing radiation at time of the 
event relative to a benchmark defined by radiation dose data 
and status information acquired from a population of other 
systems that directionizing radiation. 

3. The computer non-transitory readable medium of claim 
2, wherein the comparison of data from the system directing 
the ionizing radiation-relative to data of one or more of the 
population of other systems that direct ionizing radiation 
further is associated with each of the following: a duration of 
a protocol employing the direction of ionizing radiation per a 
distribution of types of protocols, a frequency of performance 
of different protocols relative to one another and an associated 
distribution of radiation dose directed to the exposed subject, 
the radiation dose, duration of exposure to the ionizing radia 
tion, product of the radiation dose multiplied by an area of the 
beam of ionizing radiation directed to the exposed subject, 
and distribution of radiation dose relative to a type of image 
acquisition mode. 

4. The non-transitory computer readable medium of claim 
2, wherein the comparison of data from the system directing 
the ionizing radiation-relative to data of one or more of the 
population of other systems that direct ionizing radiation 
further is associated each of the following: a distribution of a 
number of events with the system directing the ionizing radia 
tion where the measure of total radiation dose directed to the 
exposed subject exceeds the total radiation dose threshold, a 
distribution of radiation dose directed to the exposed subject 
relative to a variance in the source to image distance (SID), a 
distribution of SID for the system directing the ionizing radia 
tion relative to the benchmark, an auto exposure preference, a 
frame rate of image acquisition, a calculated value of an 
equivalent exposed subject thickness that produces the same 
average radiation attenuation, and a point in time of the 
examination when the radiation dose exceeded the radiation 
dose threshold. 

5. The non-transitory computer readable medium of claim 
2, further comprising the steps of calculating an individual 
trend in a history of the individual radiation dose acquired 
from the system directing the ionizing radiation; and compar 
ing the individual trend relative to a population trend calcu 
lated from a history of population radiation dose data 
acquired from the population of other systems that direct 
ionizing radiation for a selected time frame as received from 
the user. 

6. The non-transitory computer readable medium of claim 
1, wherein the cumulative dose incident map is associated 
with the examination of interest where the measure of total 
radiation dose exceeded the total radiation dose threshold, 
and wherein the cumulative dose incident map depicts the 
measure of cumulative radiation dose directed to the exposed 
Subject during the examination relative to the tracked position 
or angulation of the radiation source and detector of the 
imaging system, wherein the tracked position orangulation of 
the radiation source and detector can be correlated to the 
tracked position or angulation of the gantry in support of the 
radiation source or detector. 
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